S
ince its discovery in 1973, rotavirus has come to be recognized as the most common cause of acute infectious gastroenteritis in children. 1 Morbidity because of rotavirus in the United States is significant, and morbidity and mortality in the developing world are staggering. Fortunately, there is already evidence that universal vaccination programs have the potential to curtail this burden of disease.
Virus Structure
Rotavirus, named from the Latin "rota" for its wheel-like appearance ( Fig. 1) , 2 is a nonenveloped virus in the Reoviridae family. 2, 3 The particle contains 11 segments of double-stranded RNA in its core 2, 3 ; each strand codes for a different viral protein (VP), but only 6 proteins are incorporated into the virion. The core of the virus is contained within an inner capsid, comprised mostly of VP6. 2, 3 This is surrounded by an outer capsid, primarily comprised of VP7, which forms a Wiffle-ball-like shell around the virion; and VP4, which forms spikes that protrude from the particle. 2, 3 VP7 and VP4 are the major targets of neutralizing antibodies.
Rotavirus is classified according to antigenic specificities by serogroup, subgroup, and serotype. 2 Seven infectious serogroups of rotavirus, labeled A through G, infect various species. 2, 3 However, only groups A, B, and C are human pathogens. 2, 3 These groups are distinguished by antigenic differences within the virus core and by migration of RNA gene segments. 3 Group A is the primary pathogenic type for humans worldwide and is responsible for the majority of outbreaks. 2, 3 Epidemic infection caused by group B has been limited to Asia and the Indian subcontinent. 2, 3 Endemic infections caused by group C are generally not detectable by commercial assays and often go unrecognized. 2, 3 Serogroup and subgroup specificities are determined by VP6, which is abundantly represented in the virion. 2 This also happens to be the antigen most commonly detected by diagnostic assays. 2, 3 Rotaviruses are also classified by their VP7 and VP4 antigens.
2,3 VP7, also referred to as the G protein (for "glycoprotein"), occurs in at least 14 different serotypes, 10 of which are important for humans. 4 These serotypes are referred to as Arabic numerals (G1, G2, G3, etc.); those numerals simultaneously designate genotypes. The most common G type in the United States and worldwide is G1 (Fig. 2 ). VP4, also referred to as the P protein (for "proteasesensitive"), also occurs in at least 14 different serotypes, 9 of which are important for humans. 4 These serotypes are referred to by Arabic numerals and lowercase letters (P1a, P1b, etc.); unlike G types, the genotype is referred to by a separate Arabic numeral in brackets (P1a͓8͔, P1b͓4͔, etc.). In this article, only the genotype will be referenced to avoid confusion. The most common P type in the United States and worldwide is P͓8͔ (Fig. 2) . Proteolytic cleavage of VP4 enhances rotavirus infectivity, and although VP4 plays a role in virulence, increased disease severity has not been linked to any particular serotype. 2, 3 The G and P proteins segregate independently as the gene segments that encode them reassort. 4 Although various combinations of G and P types are possible, there seems to be a preferential association between particular G and P types. Thus, serotypes G1, G3, and G4 are most often associated with P͓8͔ and G2 is most often associated with P͓4͔. 3 The mechanism of this segregation is not well understood.
Pathophysiology
After ingestion, rotavirus particles are carried to the small intestine, where they attach to enterocytes via glycolipids on the cell surface 3 and enter directly or through calcium-dependent endocytosis. 2, 3, 6 Replication occurs in mature enterocytes, allowing new rotavirus particles to infect distal portions of the small intestine or be excreted in the stool. 2, 3 Viral replication leads to notable pathophysiologic changes, including mitochondrial swelling; distension of the endoplasmic reticulum; denudation of microvilli; mononuclear cell infiltration; shortening, flattening, and atrophy of the villi; and decreased disaccharidase activity. 2, 3 These changes lead to an increased osmotic load in the gut lumen because of decreased absorption of salt and water, as well as the failure to process and absorb complex sugars. Symptoms may resolve as mature villous epithelial cells are replaced by less mature enterocytes, which may be less susceptible to rotavirus infection.
Nonstructural protein 4, an endoplasmic reticulum-specific glycoprotein, that is produced in cells but is not packaged into the mature virion, acts as an enterotoxin and contributes to the genesis of diarrhea. 2, 3 It is hypothesized that nonstructural protein 4 interacts with a cellular receptor in the gut epithelium, 2 stimulating a calcium-dependent signal transduction pathway that increases plasma membrane chloride permeability and potentiates chloride secretion, leading to secretory diarrhea. 2 Stimulation of the enteric nervous system also may enhance fluid secretion.
Disease Burden
Most rotavirus infections in infants are symptomatic. After a 2-day incubation period, symptoms begin with fever and vomiting followed shortly thereafter by diarrhea. The whole illness lasts about 3 or 4 days, but loose stools can persist for weeks. 7, 8 Early on, vomiting may be rate limiting in terms of attempts at oral rehydration.
Most children have experienced at least 1 rotavirus infection by their second birthday, 7 and almost all are infected in the first 5 years of life. 9 The virus is highly infectious and spreads by the fecal-oral route. 2, 3, 7 The amount of rotavirus excreted by infected children is very high, more than 10 10 to 10 11 viral particles per gram of feces. 2, 3 This, combined with the fact that children begin shedding before they are symptomatic and for up to 2 weeks after onset of symptoms 7, 10 and that infants do not have good stool hygiene, helps to explain why rotavirus spreads so quickly through daycare centers, families, and communities. The peak incidence of disease is between 6 months and 2 years of age; neonates may be relatively protected by maternal antibody. 3 Estimates hold that rotavirus is responsible for 111 million worldwide episodes of gastroenteritis, 25 million clinician office visits, 2 million hospitalizations, and 440,000 deaths annually in children Ͻ5 years of age. 9 By 5 years of age, 1 in 5 children will have visited a clinic for treatment of rotavirus disease, and 1 in 65 will have been hospitalized. One in 293 children will have died of rotavirus-induced dehydration before the fifth birthday.
In the United States, mortality associated with rotavirus is much lower. Eighty percent of children contract rotavirus by their fifth birthday. 11 Of these, 1 in 200,000 children will die of the disease. 11 However, rotavirus morbidity is still high. Annual direct and indirect costs of rotavirus disease in the United States are estimated at $1 billion. 11 One in 7 children require a clinic or an emergency department (ED) visit because of rotavirus, and 1 in 70 will be hospitalized. 11 Interestingly, the proportion of hospital cases of acute gastroenteritis caused by rotavirus is approximately the same in the developed world as it is in the developing world. This emphasizes the importance of person-to-person transmission, as opposed to water-or food-borne transmission, in the epidemiology of rotavirus infection.
Rotavirus is responsible for at least 18% of pediatric hospital admissions associated with gastroenteritis in the United States, according to retrospective analysis of National Hospital Discharge Survey data from 1993 to 2002. 12 Survey data also indicate that the number of rotavirus hospitalizations has steadily increased from 15.4% during 1993 to 1995 to 20.8% during 2000 to 2002, whereas the rates of all-cause gastroenteritis-associated hospitalizations remained stable at 95 per 10,000 children Ͻ5 years of age. Children hospitalized for rotavirus also had significantly longer hospital stays (3.2 vs. 2.9 days). Griffin) . Serotypes G1, G3, and G4 with genotype P͓8͔ and serotype G2 with genotype P [4] represented approximately 90% of the strains that were analyzed.
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In a separate analysis, the Kids' Inpatient Database was used to estimate the number of diarrhea-and rotavirus-related hospitalizations in US children Ͻ5 years of age in 1997 and 2000. 13 Diarrhea was associated with 173,220 and 150,465 hospitalizations in 1997 and 2000, respectively, accounting for about 13% of all hospitalizations in that age group. This suggests that 1 out of every 23 to 27 children Ͻ5 years of age will be hospitalized for diarrhea. Most (62%) hospitalizations were of unspecified etiology; however, 35% were identified as viral, and rotavirus was specifically identified in 18% and 19% of cases in 1997 and 2000, respectively. Annual costs for rotavirus hospitalizations in 1997 and 2000 were estimated to be between $140 and $180 million. The authors concluded that a rotavirus vaccine would likely decrease hospitalizations for diarrhea by about 30% for children Ͻ5 years of age.
Even when it doesn't result in hospitalization, rotavirus places a tremendous burden upon caregivers and the healthcare system. 8 An analysis of 5 independent prospective cohort studies found that 40% of 284 stool samples collected from outpatients Ͻ36 months of age with acute gastroenteritis were positive for rotavirus. 8 The proportion of patients with follow-up medical care was similar among those with rotavirus and those with some other cause of acute gastroenteritis; 57% of patients had a follow-up visit, 8% were seen in an ED, and 5% were hospitalized. However, the data suggested that rotavirus gastroenteritis was more severe than other forms of gastroenteritis: caregivers of patients with rotavirus were more likely to make follow-up calls to healthcare providers (73% vs. 57%); twice as many children with rotavirus required Ն4 healthcare contacts (28% vs. 14%); patients with rotavirus missed significantly more daycare; and in turn, caregivers of children with rotavirus missed significantly more work. Median lost work time was 2 days for caregivers of children with rotavirus, but there was no lost work time for caregivers of children with gastroenteritis that was caused by an agent other than rotavirus.
Given the clinical significance of rotavirus infection, understanding the risk factors for severe disease is important. A casecontrol study nested within a surveillance study was conducted at Cincinnati Children's Hospital Medical Center, Children's Hospital of New Orleans, and Hasbro Children's Hospital.
14 Data from 349 children Յ59 months of age admitted for rotavirus gastroenteritis from April 1, 2000, through June 31, 2001 , were compared with 1242 controls selected from birth certificate registries (Cincinnati and Providence ͓Hasbro͔) and a large-practice consortium patient registry (New Orleans). Breastfeeding was found to protect against hospitalization in infants Ͻ6 months of age, although breastfeeding likely postponed rotavirus disease rather than prevented it. Factors associated with hospitalization of children Ͻ24 months of age included birth weight Ͻ2500 g (odds ratio ͓OR͔, 2.8), being a Medicaid recipient or lacking health insurance (OR, 2.1), living with another child Ͻ24 months of age (OR, 1.6), and daycare attendance the month before hospitalization (OR, 1.5).
Seasonality
In temperate climates such as the continental United States, rotavirus occurs in predictable seasonal epidemics. 3 An analysis of rotavirus samples reported weekly by the National Respiratory and Enteric Virus Surveillance System from July 1991 to June 1996 found that, in general, rotavirus season began from late November to late December, peaked in mid-February to mid-March, and ended by May, with a mean duration of 23 weeks. 15 Activity tends to begin and peak earlier in the southwest United States and later in the northeast United States (Fig. 3) .
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Strain Prevalence
In a study of 45,571 samples collected worldwide between 1973 and 2003, G1P͓8͔, G2P͓4͔, G3P͓8͔, and G4P͓8͔ strains were found to be responsible for most (89%) of episodes of rotavirus infection in children. 4 However, the predominant serotypes varied by continent. In North America, for example, 73% of infections were caused by G1P͓8͔ strains, and G1, G2, G3, and G4 strains collectively accounted for 98% of infections. G9P͓6͔, originally detected in Philadelphia, Pennsylvania, represented 4% of global rotavirus infections and is believed to be persistent in the United States and emergent worldwide. 4, 5 Another study looked at samples collected from 1981 to 1989 from hospitalized children in the north-central United States (Ohio, New York, Pennsylvania, West Virginia, Kentucky, Indiana, and Michigan) and samples collected from 1979 to 1989 in Harris County (Houston) and other parts of Texas. 16 G1 strains were identified in 61% of infections, followed by G3 (23%), G4 (7%), G2 (4%), and a small number of nontypeable and mixed specimens. Serotype prevalence also varied by season, but the prevalent serotype tended to predominate early in each season. No significant differences in serotypes were noted in different age groups. However, geographic differences were marked. The ratio of G1:G3 was about 10:1 in the north central states compared with about 1:1 in Harris County and 2:1 in other parts of Texas. G4 was also significantly more prevalent in Texas than in the north central states. When this trend was mapped, G3 and G4 decreased in prevalence from the southwest to the northeast.
Natural Infection Confers Protection
After rotavirus infection, children develop serum and intestinal antibody responses that protect against severe diarrhea upon reinfection. 6 Viral antigens are transported to Peyer patches, where they are processed by macrophages and dendritic cells and presented to B cells and helper T cells. 2, 3 The end result is the generation of rotavirus-specific B cells and expansion of cytotoxic T lymphocytes. 2, 3 Protection is thought to be largely due to humoral immunity. 2, 3 In infants and young children, rotavirus-specific IgM can be detected in duodenal fluid and serum during the first week of illness. 3 Months later, rotavirus-specific IgG and IgA can be detected in duodenal fluid, and rotavirus-specific IgG and monomeric IgA can be detected in serum. 3 One year postinfection, rotavirus-specific IgG but not IgA can be detected in the serum. 3 Serum IgG antibody against rotavirus is considered the most consistent marker of rotavirus immunity, although definitive correlates of protection have not been established. 2, 3, 6 Fecal or duodenal IgA is considered an excellent marker for recent primary infection or reinfection. 3 The initial antibody response to rotavirus is serotype specific, and production of cross-protective antibodies is limited. 2, 3, 6 However, cross-reactive antibodies arise after repeated infections. 2, 3, 6 In this regard, it is important to differentiate homotypic from heterotypic antibody responses. Infection with a G1P͓8͔ strain would be expected to protect against subsequent infections with G8 strains as well as other G serotypes associated with P͓8͔; this is an example of homotypic immunity. Protection against infection with a G2P͓4͔ strain, if present, would be mediated by heterotypic immunity or cross-reactive antibodies.
In a classic prospective cohort study, 200 newborns in Mexico City were followed through 2 years of age. Home visits were made and stool samples were collected each week. 17 Additional stool samples were collected when children had symptoms of diarrhea. This study clearly demonstrated that natural infection was protective against reinfection. As shown in Figure 4 , 17 the cumulative probability of 1 rotavirus infection by age 2 was nearly 100%, testifying to the universality of infection in childhood. However, the cumulative probability of a second infection was lower, and a third infection even lower, implying a protective effect of the prior infections. Subsequent infections were also less severe than prior infections; in fact, no child who had 2 rotavirus infections had a third infection that was judged to be moderate to severe. This was true even if the prior infections were asymptomatic. The implications of this study were clear: a vaccine that could mimic natural infection in an immunologic sense would be expected, after multiple doses, to protect against moderate-to-severe rotavirus gastroenteritis.
Vaccine Development
Given the disease burden described above, development of a rotavirus vaccine has been considered an important public health initiative for several decades. Rhesus rotavirus vaccine, tetravalent (RRV-TV), licensed in 1998 under the trade name RotaShield (Wyeth), was the first rotavirus vaccine approved in the United States. The vaccine was based on a G3P͓3͔ rhesus rotavirus strain that was naturally attenuated for humans. The vaccine was comprised of 4 live viruses: 3 reassortants, each the parental rhesus virus with 1 gene segment substitution from a human strain leading to expression of either G1, G2, or G4, and the native G3P͓3͔ strain. The vaccine was administered as a 3-dose series given orally at 2, 4, and 6 months of age. Efficacy against severe rotavirus gastroenteritis was 70% to 95%. 18 Use of RRV-TV was short-lived. Within a year, the vaccine was found to be associated with intussusception and the recommendation for universal use was withdrawn. 19 The attributable risk of intussusception to the vaccine is now estimated to be somewhere around 1 in 11,000 vaccine recipients, 20 -22 with most cases occurring in the first 2 weeks after dose 1, the time of peak viral replication. The mechanism by which RRV-TV caused intussusception is not fully understood, but is believed to be related to biologic characteristics of the native rhesus strain.
Two newer generation rotavirus vaccines are now available in the United States. Rotavirus vaccine, 5-valent (RV5), licensed under the trade name RotaTeq (Merck) in February 2006, is a live, oral, bovine reassortant vaccine. 23 Rotavirus vaccine, monovalent (RV1), licensed under the trade name Rotarix (GlaxoSmithKline) in April 2008, is a live, attenuated, oral vaccine made from a human strain of rotavirus. 24 Both vaccines were tested in more than 70,000 infants before approval. 
RV5 Efficacy and Safety
RV5 was developed from the bovine rotavirus strain WC3, a G6P͓5͔ virus that is attenuated for humans. WC3 was reassorted with human strains to yield the 5 viruses that comprise the licensed vaccine: each the parental bovine virus with 1 gene segment substitution from a human strain, leading to expression of either G1, G2, G3, or G4, each with the bovine P͓5͔, or P͓8͔ along with the bovine G6.
The pivotal phase 3 study called REST (Rotavirus Efficacy and Safety Trial) was conducted primarily in the United States and Finland, but with other sites worldwide. 25 A total of 70,301 healthy infants were enrolled; 34,644 were assigned to receive RV5 and 34,630 were assigned to receive placebo. A total of 3 doses were given: the first doses at 6 to 12 weeks of age and subsequent doses at 4 to 10 week intervals. Among infants who received at least 1 dose, 67,756 were followed for 42 days after their last dose. Six RV5 recipients and 5 placebo recipients had confirmed cases of intussusception within the 42-day period after any dose (relative risk, 1.6; 95% confidence interval ͓CI͔, 0.4 -6.4). No cases of intussusception were reported within 42 days after the first dose, the highest risk period that was noted for RRV-TV. These results met the study's prespecified safety criteria for no association with intussusception. The incidence of serious adverse events was similar between RV5 and placebo recipients (2.4% vs. 2.5%). Forty-four deaths occurred during the study, mostly attributable to sudden infant death syndrome. No deaths were considered related to RV5 administration.
In a detailed safety substudy, the incidence rates of fever, vomiting, diarrhea, and hematochezia were similar for RV5 (n ϭ 4806) and placebo (n ϭ 4799) recipients within 42 days after any dose. However, the incidence of the following solicited adverse events was higher for vaccinees versus placebo recipients: vomiting (6.7% vs. 5.4%) and diarrhea (10.4% vs. 9.1%) after dose 1, and diarrhea (8.6% vs. 6.4%) after dose 2.
23 This is perhaps not surprising for an orally administered, live-attenuated vaccine.
In a detailed efficacy cohort nested within the Rotavirus Efficacy and Safety Trial that compared approximately 2800 vaccinees and placebo recipients, efficacy against rotavirus gastroenteritis of any severity (caused by serotypes G1 through G4) was 74% (95% CI, 66.8 -79.9) through 1 season and 71.3% (95% CI, 64.7-76.9) through 2 seasons. Efficacy against severe rotavirus gastroenteritis through 1 season was 98.0% (95% CI, 88.3-100.0) and in the second season only was 88.0% (95% CI, 49.4 -98.7). The numbers were similar when efficacy was considered without regard to serotype. The large-scale efficacy study looking at health resource utilization involved approximately 28,000 to 34,000 vaccinees and equal numbers of placebo recipients. Hospitalizations due to rotavirus serotypes G1 through G4 during the 2 years after dose 3 were reduced by 95.8% among vaccinees and ED visits were reduced by 93.7%.
RV1 Efficacy and Safety
RV1 was developed from a human strain of rotavirus (G1P͓8͔) isolated from a child in Cincinnati in 1989. The virus was serially passaged in tissue culture to achieve attenuation. The vaccine is considered monovalent because it contains only 1 strain of virus; in fact, 2 major neutralizing proteins-G1 and P͓8͔-are included.
The pivotal clinical trial was conducted primarily in Latin America and Finland; 6 to 13 week old healthy infants were enrolled and scheduled to receive vaccine or placebo at approximately 2 and 4 months of age. 26 In all, 31,673 infants received RV1 and 31,552 received placebo. Six RV1 recipients and 7 placebo recipients had definite intussusception within 31 days, after either dose (respective incidence rates, 1.89 and 2.21 per 10,000 infants; difference in risk Ϫ0.32 per 10,000 infants; 95% CI, Ϫ2.91 to 2.18). There was no statistically significant difference between RV1 and placebo recipients in intussusception occurring within 31 days of vaccine (relative risk, 0.85), after the 31-day window (3 vs. 9), or during the entire safety surveillance period (9 vs. 16) . These results met the study's prespecified safety criteria for no association with intussusception.
Significantly fewer RV1 recipients experienced serious adverse events than placebo recipients (293.0 vs. 331.8 events per 10,000 infants). Ninety-nine deaths occurred during the study. Although overall mortality did not differ between RV1 and placebo recipients, more RV1 recipients died of pneumonia (16 vs. 6) . However, the distribution of pneumonia-related deaths within 31 days of vaccine administration did not differ between groups, and further analyses did not detect a difference in pneumoniarelated serious adverse events. There were no differences in the incidence of solicited adverse events between RV1 and placebo. 24 However, RV1 recipients did experience significantly more irritability (11.4% vs. 8.7%) and flatulence (2.2% vs. 1.3%). 24 Efficacy was evaluated in 9009 infants who received RV1 and 8858 infants who received placebo, and were followed until they were 1 year old. 26 Efficacy against severe rotavirus gastroenteritis was 84.7% (95% CI, 71.7-92.4) and efficacy against hospitalization for severe rotavirus gastroenteritis was 85.0% (95% CI, 69.6 -93.5).
Efficacy against severe rotavirus gastroenteritis caused by G1P͓8͔ strains (homotypes of the vaccine strain) was 91.8% (95% CI, 74.1-98.4). For severe rotavirus gastroenteritis caused by strains with heterotypic G types (G3, G4, and G9) but with homotypic P types (P͓8͔), efficacy was 87.3% (95% CI, 64.1-96.7). Efficacy against rotavirus gastroenteritis caused by G2P͓4͔, which does not share any antigens with the vaccine strain, was 41.0% (95% CI, Ϫ79.2 to 82.4); the small number of cases here is responsible for the wide confidence interval.
Efficacy also was assessed in a separate double-blind trial of RV1 limited to Europe. 27 The primary end point was vaccine efficacy against rotavirus gastroenteritis of any severity. Subjects were followed through the end of the second rotavirus season after vaccination. Overall, 2646 subjects received RV1 and 1348 subjects received placebo; 3883 infants (97%) completed the follow-up visit. RV1 efficacy against rotavirus gastroenteritis of any severity was 78.9% (95% CI, 72.7%-83.8%); efficacy against severe gastroenteritis was 90.4% (95% CI, 85.1%-94.1%). Efficacy against rotavirus gastroenteritis of any severity due to G1, G3, G4, G9, and G2 was 89.8%, 84.8%, 83.1%, 72.9%, and 58.3%, respectively. Efficacy against severe rotavirus gastroenteritis due to the same strains was 96.4%, 93.7%, 95.4%, 85.0%, and 85.5%.
Vaccine Comparison
Both RV5 and RV1 were found to be safe and effective in these large-scale clinical trials, and each has been licensed in many countries, including the United States. Table 1 presents a comparison of RV5, RV1, and the discontinued RRV-TV. 28 It is important to note that the vaccines have not been directly compared in head-to-head controlled clinical trials.
Evidence of Effectiveness of the US Rotavirus Vaccination Program
The recommendation to immunize all infants in the United States against rotavirus disease was issued in August 2006, shortly after the licensure of RV5. 11 The Centers for Disease Control and Prevention (CDC) recently analyzed data from the National 
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Recommendations
The following recommendations were recently published by the Advisory Committee for Immunization Practices (ACIP). 37 There are some important differences between the information in the respective package inserts and the ACIP recommendations, particularly with respect to the timing of doses (Table 1) . In practice, ACIP recommendations generally trump product labeling, although in a technical sense, the timing suggested by the ACIP is off-label.
All infants should be vaccinated against rotavirus. There is no preference for 1 vaccine over the other, and either vaccine can be given concomitantly with the other vaccines recommended in infancy. The usual schedule for RV5 is 3 oral doses at 2, 4, and 6 months of age and the usual schedule for RV1 is 2 oral doses at 2 and 4 months of age. The first dose of either product should be given between 6 weeks and 14 weeks 6 days of age. The last dose (second dose of RV1 or third dose of RV5) should be given before 8 months 0 days of age. Effort should be made to complete the series with the same product; however, vaccination should not be deferred if the same product is not available or not known. If any dose in the series is RV5 or is unknown, a total of 3 doses should be given. If the infant spits up a dose, repeat administration is not necessary (although the RV1 package insert says that a single replacement dose at the same visit may be considered).
Vaccination is recommended in the following circumstances:
• Infants who have already had an episode of rotavirus gastroenteritis • Infants who are breastfed • Premature infants who are clinically stable and are being or have been discharged from the nursery (infants who remain in the nursery should not be vaccinated) • Infants living in the home of immunocompromised or pregnant individuals (standard precautions should be followed to minimize horizontal transmission)
Vaccine should not be given to infants who have had an allergic reaction to a previous dose or any vaccine components. Rotavirus vaccine should be used with precaution (this means weighing the risks and benefits) in infants with moderate or severe acute illness; moderate or severe acute gastroenteritis; immunodeficiency or immunosuppression (infants with or at risk for HIV infection may be vaccinated); pre-existing gastrointestinal disease such as congenital malabsorption syndromes, chronic diarrhea and failure to thrive, previous abdominal surgery, Hirschsprung's disease, short-gut syndrome, persistent vomiting of unknown cause (history of uncorrected congenital malformation of the gastrointestinal tract that might predispose to intussusception ͓eg, Meckel diverticulum͔ is listed in the package insert as a contraindication for RV1); and previous history of intussusception. In addition, whereas receipt of an antibody-containing blood product could impair the immune response to the vaccine, vaccination should not be deferred in this situation.
Routine vaccination of infants against rotavirus is considered the most effective public-health intervention for reducing the burden of rotavirus disease. 
